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ABSTRACT OF DISCIOSUKE 
A method for removing a toxin from the gas tro« intestinal tract which 
oomprlses providing an emulfiion in said gas tro- intestinal tract which 
comprises an interior phase surrounded by a surfactant- containing 
exterior phase, said exterior phase being immiscible with the aqueous 
environment of said gastro-inteiastinal tract and permeable to said toxins, 
said eraulaion being further characterized as being stable in said gastro- 
intestinal tract, and said interior phase comprising (a) a reactant 
capable of converting said toxin into a non- permeable form, vhereby 
said toscin permeates the exterior phase of said emulsion Into said 
interior phase and is converted into a non-permeable form or (b) a catalyst 
which is insoluble in said exterior phase and capable of converting said 
toxin, whereby said toxin permeates the exterior phase and is converted 
in said interior phase. 
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THE EMBODIMENTS OF THE INVENTION XN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARK DEFINED AS FOLLOWS: 

1* An emulsion useful in removing or converting a toxin 
of the gastrointestinal tract which comprises an interior phase 
surrounded by an exterior phase, said enterior phase being immisci- 
ble with the aqueous environment o£ said gastrointestinal tract and 
permeable to said toxin, said exterior phase comprising an oil- 
soluble surfactant component and an oil component, said oil-soluble 
surfactant cosnponent and said oil component being harmless to the 
human body, said oil-soluble surfactant component being present in 
said exterior phase from about 0*01 wt. % to 90 wtt % of said 
exterior phase, said oil component having a viscosity between about 
2 and about 1,000 centistokes at normal body temperature and 
selected from the group consisting of vegetable oils and animal 
fats that are heavily hydrogenated to contain at. least 10% more 
hydrogen than normal saturation, perf luorinated hydrocarbons, silicone 
fluids containing the repeating unit 

CH3 

-Si-0 
t 

■and hydrocarbon oils refined to remove toxic ingredients and com- 
prising molecular weights up to 1,000, selected from the group con- 
sisting of paraffins, isoparaff ins, naphthenes, and aromatica and 
said interior phase comprising a non-permeating reactant capable 
of converting said toxin into non-permeating form or a catalyst 
which is insoluble in said exterior phase and capable of converting 
said toxin into a non-toxin* 

2* The emulsion of claim 1 wherein said oil-soluble 
surfactant component is present in said exterior phase from abou,t 
0.01 wt, % to 10 wt. % of said exterior phase. 

3» The emulsion of claim 1 wherein said emulsion is 
suspended, in a liquid which is not harmful to the human body and 
said liquid is immiscible with said exterior phase of said emulsion. 

4. The emulsion o£ claim 1 wherein a strengthening agent 
is included in said emulsion to improve said eraulsion^s stability* 

5t The emulsion of claim 1 wherein said toxin is ammonia* 

6, The emulsion of claim 1 or 5 wherein said reactant 
is an acid* 
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7. The emulsion o£ Claim 1 wherein the aqueous' interior 
phase comprises an ens:yme catalyst* 

8. The emulsion of Claim 7 wherein said interior plBse 
comprises urease which is available to convert urea* 

9. The emulsion of Claim 1 wherein said oil component is 
a hydrocarbon oil refined to remove toxic ingredients and comprises 
molecular weights up to 1,000, selected from the group consisting 
of paraffins, isoparaf f ins» naphthenes, and aromatics. 
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J. BACKGROUHD OP THE PBIOR ART ■ 

2 CTSLD OF THE INVEMTIOK 

3 This invention relates to the use of liquid mem- 

4 brans technology In preparing mediclnals. The medlcinals 

5 prepare a by this invention may be ingested and may be utl- 

6 lized as traps for toxins present in the GI (gastrointes- 

7 tinal) tract, or as slow release compositions of drugs, or 

8 as reactors. In the trap embodiment the liquid membrane 

9 encapsulated medicinal is an emulsion cwnprising an externa. ' 

10 phase which Is immiscible with the liquids present in the 

11 ai tract and pemeable to the toxins therein, and an in- 

12 terior phase which comprises a reagent capable of convert- 

13 ing said toxin to a honpermeable form. In addition, hydro- 

14 phllic adsorbents may be encapsulated such as a.hydrophlllc 

15 carbon or a silica gel, When the' compositions of the in- 

16 stant invention are utilized as slow release 'drugs, the. 

17 internal phase of the emulsion will comprise a drug which 

18 is slightly soluble in the external phase of the emulsion 

19 whereby said drug permeates through said exterior phase of 

20 the emulsion over a period of time into the GI tract. The 

21 third method for utilizing the compositions of the instant 

22 invention comprises encapsulating a catalyst for a reaction 

23 Which, is desired to be carried; ou'^, in the JJ tract. In 

24 this embpdimeh* P^^®"^* ^"^ 

25 .permeate through. the external phase of ^he.etmilsion into 

26 an interior phase wherein said catalyst, for example,, an 

27 enzyme is immpbiliaed and are converted to reaction prod- 

28 ucts which then may permeate through ithe.. external phase • 

29 back into the GI tract. In all cases the liquid membrane 
3P encapsulated medicinals may be. administered by either oral 
31 ingestion or .injection anywhere else Into the Gi, tract* - 
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. SUMMARY OF T11E PRIOR ART 

2 It is known in the art that solid" mlcrbciapsuiis 

3 may be utilized to encapsulate medlcinals . For example, 

4 m the December 20, 1971 issue of "The Journal of the 

5 American Medical Association" in the "Medical News Section", 

6 a review of the mlprcencapsulated medicinal art is presented. 

7 in this article, a technique foi* treating uremic wastes in 

8 the gastrointestinal tract with, microencapsulated activated 

9 earbon Is disclosed. Ihe ralorocapsulfe is permeable to the 
10 uremic wastes and said activated carbon is utilized to ^ta- 
ll sorb some of the wastes, m this technique, wric add and 

12 creatinine are removed. The above reference also teaches 

13 a technique wherein urea is converted to ammonia and COa by 
Ik the use of microencapsulated ui^ase. The ammonia is then 

15 reacted with and trapped by a mlcroencapsuiated ethylene 

16 malelc acid copolymer while the carbon dioxide is exhaled 

17 through the lungs, 

3^8 It is known in the art of slow release mediclnals 

19 that medlcinais can be encapsulated by various sc^ld ma- 

20 terials,. for example hydroxy. aXkyl cellulose ethers, as 

21 taught in U.S. patent 3,493,^0?, and' gelatin/ as taught ,ln 

22 U.S. patent 3,526,682. In both of these patents, the 

S3 microencapsulatea medicinal is released over a time period 

24. into the Gl tract by dissolution of the solid capsule , 

25, material.- . 

26 . TSiere are various problems known i3a .the art in 

2? using solid microcapsules as .reactors^ as traps and as . slow 
^8 .release coB?>bsltlons. One problem is ;ihtit. solid, capsules • 
99 are prone to swell followed by rupture and, Indeed 

30 methods to solve this problem have .,^eert 'uUll9ed,.,;,in^ 

31 ing crenation, etc . This process increases .'the cost 0?:^ 
,32 microencapsulateci systems and when lon^- residence times in 
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1 the GI tract are encountered, these crenated compounds or 

2 compositions still rupture to an undesirable extent. 

3 Furthermore, the microencapsulea which do not dissolve in 

4- the tract often lead to fecal compaction, in the eomposi- 

5 tlons of the instant invention, the encapsulating medium is 

6 liquid.; thus, expansion of the internal phase does not lead 

7 to ruptue~o£ tlTe qo#6siti6n-aT^ the solid niicroencap- 

8 sulated system disclosed dbove. 

9 As pointed out In the patents cited above, whefn 

10 gelatin is utilized to. encapsulate medi,clnals to provide 

11 slow release, various conditions encountered during stor- 
le age can affect the rate of release In the GI tract, For 

13 example, gelatin is very sensitive to temperaturfe and 

14 huaddity, etc.. In the emulsion systems of the instant • 

15 . invention, storage conditions do not substantially affect 

16 the rate of release of the. compositions in'the Gl tract,. ■ 

U.S. 3^538,216 describes an invention In which 

18 a thlxotropio or gelatinous oil containing a drug for 

19 sustained release is injected into' ari animal. The instant 
'20 invention is. quite different In that a suspendable emul- 

21 sion is Ingested. 

■ 22 .SUMMftRY OF THE INVENTION . , 

22 ■ rphe. instant invention relates to medicinal com- 

24 pounds which comprise a medicinal emulsified in a water 

25 , immiscible external phase. . The emulsion is designed to 

26 be. stable during passage through the GI tract . where said 

27 medicinals will be ' utilized . To preparfe the composition 

28 of the instant invention, the medicinal is .usually dis- 

29 solved in an aqiieoUs ibedliim and the^ soltttloh;. thereof emulr 
3o' sified in an oil which Is immiscible with the liquids ; 

•. 31 ; present in , the gi .tractV generally 
32 contain: a surfactant to enable the preparation of an 
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X eracaslon which will be stable during passage through the 

2 01 tract. The' external phase of the emulsion thus acts 

3 like a liquid n»mbrane surrounding the internal phase. 

4 ma preferred embodiment, the emulsion described 

5 above is further dispersed in a liquid which is' iiwnisclble 

6 With the exterior phase of the emulsion, for example, 

7 water. This preferred embodiment allows the use, of the 

8 compositions of the instant invention in a form wherein 

9 dispersion of the emulsion in the GX tract is increased. 
10 Burthermore, because of the well known unpalatability of . 
n the usual oUs. which are used to form the emulsions of 

12 the' instant invention, the continuous phase comprising 

13 water or water and flavoring agents is desltfable. 

3_4 t£iie compositions of the instant Invention can be 

15 uti?.ized in three different manners. For exam&lejj to ve- 

16 mow toxins, reactants and adsorbents, can be' emulsified in 

17 the interior phase of an emulsi(»i. HJhe exterior phase of- 

18 this emulsion will be designed to allow the toxins present 

19 in the 01 .tract to permeate through and react with the 

20 reactant or be adsorbed on the adsorbent present in the 

21 interrial phase of the emulsion. In this nianner, toxins 

22 are continuously and irreversibly removed ad the emulsion. 

23 passes through theljl tract., m this . tefifeaRique,, the mem- 
2k brane is designed. to be impermeable to the reaction prod- 

25 ucts or. adsorbed products formed in the inteirlor phase of 

26 the emulsion. 

27 In an alternate method> the liquid nssmbrane.. is • 
28'' utilized to encapsulate catalysts which will be used in 

29 carrying oui reactions while passing through the Gi tract; 
30' ©ie catalyst may be, for example', an enzyt!ie', e*g. urease; 

31 Because of the liquid membrane encapsUlatrfing the cata3,ysts 

.32 : the catalyst Itself can be used under conditions where the 
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1 catalyst in an uncapsulated state would be destroyed. For 

2 example, urease could be protected from the low pH present 

3 m the stomach of the GI tract by designing the liquid 

h membrane to exclude the passage of Ions Includlhg hydrogen 

5 ion. 

6 In the third use of the compositions , of the in- 

7 stant invention, medicinals are released by pertnfeating 

8 through the exterior phase of the emulsion into the ai 

9 tract during the passage of the emlsion through the. GI 

10 tract. In this embodlinent, the medicinal compound Is 

11 emulsified in a liquid in which the raedicinal is only 

12 sparingly soluble. This low Bolubllity in the external 

13 phase of the emulsion allows passage of the medicinal into 

14 the GI tract over long time periods, 

15 In preparing the compositions of' the instant in- 

16 ventioH;, it is desirable to incorporate a surfactant in 

17 the external phase* This surfactant may be present in 

18 amounts. from ,01 to 90^ wt, of said external, phase* pref- 

19 erably, the surfactant will be present in amounts from 1 

20 to 5 wt. of said external phage, She external phase is 

21 generally made up of the . surfactant and an oil. 'Htxe o±l^ 

22 of course, is designed to be immiscible with the liquids 

23 present in the GI tract/ A further qualification for.^oHS 

24 which may be utilized in preparing the compositions of the 
23 instant invention is that the oils must not be harmful to 

26 the human body* These oils along with the surfactant ; 

27 should also be fairly inert so that they are not destroyed 

28 \ by the environment ift the GI tract* 

29 . , The .. body digests many of the natural animal; and " 
3P vegetable oils. These readily digested oilis such as tri-. 

31 glycerides cannot be li^ed to fom a large fraction of the 

32 oil in the <^xtemal phase. The natural digestive processes 
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1 would be expected to remove these oils f3:om the emulsion 

2 as -it passed through the GI tract, 

3 It Is well taiown in the art that "most artificial 

4 or natural ewulsions are broken In the stomach", see, for 

5 example, fhyslaLogy of the Digestive gract, H. W. Davenport, 

6 3rd Ed. 1971 *Zear Book Medical publishers,- Inc., Chicago, 

7 111., iMge 197. It requires a special type of eimilsiotf* com- 

8 position to pass througji the 01 tract Intact. Some estam- 

9 pies of oils which can be utilized in forming the com- 

10 positions of the instant invention Include hydrocarbon 

11 oils, e.g. paraffins, isoparaffins, naphthenes, and aro- 

12 matics, having molecular weights up to 1,000. Parti- 

13 ■ culfrly desirable are the mineral oils which have been 

14 hi^ly refined for use in human ingestion. Additionally, 

15 oils or treated oils from animal or vegetable sources may 

16 be used if they can pass through the GI tract subst^ntlal- 

17 ly unconverted, for example, vegetable oils and animal 

18 fats that are heavily hydrogenated so as to contain ait least 

19 10 wt. % more hydrogen than at. normal iaaturat Ida... • Bother, 

20 silicone nuids containing the repeating unit: " CHs can . 

I? . . ^3 . 

85 be used, perfluorlnated hydrocarbons' m.ay also be usea. 

26 Any" of these oils should have a viscosity of 2 to 1000 

27 centtslfofees at normal body temperature. : %ie preferable 
28. range is lO.to 150 centlstokes. 

29 The swfactants must also be harmless to the 

30 human body if they are to be utilized in the. instant Ihr 

31 ventlon. The specific surfactants which can. t«.used in 

32 .preparing the emulsions above include sorbi tan monooleate 

33 and other types of. sorfaitah fatty acid esters, e.g. .: sorbi- 

34 . .tan,, sorbitan moiiolaurate, sorbitan mcaiopalmltate,^ sorbitan 



1045976 

jL stearate, sorbitan trlstearate, sorbitan trioleate j poly- 

2 oxyethyiene sorbitan fatty acid esters} ana mono- anca di- 

3 glycerides, 

h It may also be desirable to ujse strengthening 

5 agents to improve the stability of the emulsions. Honlimlt- 

6 ing examples of strengthening agents include; polylsobutjSerej 

7 l*e, especially the lower molecular weights, e.g* a mole- 

8 cular weight of about 900, polyisobutylena succinic anhy- 

9 drlde-pentaerythritol adducts^ ethylene-vinyl acetate co- 

10 polymers, sulfonated butyl rubber and decylmethacrylate- 

11 vinyl pyridine copolymers. 

12 EXAMHa! 1 

13 A cQntrolled release medicinal f sodium sstlicylate> ) 
lit m experiment 1, a solution of 8. wt...5g. sodium salicylate 

15 and 8 wt. 5^ sucrose in distilled water was used to form the 

16 internal phase of the emulsion. Experiment 2 used 10 wt. ^ 

17 sodium salicylate and 8 wt. sucrose in water, but was the 

18 san^ as experiment 1 in all other respects. 

19 5!hese Internal phases were added with vigorous 

20 agitation, in an amount sufficient to foa^.33 wt. ^ of the 

21 final emulsion, to an oil phase consisting of: 

22 2*0 wt. ^ Sorbitan monooleate 

23 ' 0,5 wt / ^ of a high molecular weight polyamlne 

24 with the structure: . _ ■ 

25 OH3 / CHoV H 0 

26 « r ^ \ ' ^ H O 



31 H H 

32 Wherein m is an integer of about hQ 

33 3,5 wt. ^ of a polylsobutylene with a molecular 

34 weight of about 900 

35 94,0 wt. ^ of an isoparaffinlc lubricating oil ' 

36 stock with, a viscosity at lOO^F of about 100 
37" Saybolt Universal seconds. 

38 200 grams of this emulsion was suspended in 600 -grams of a 

39 synthetic gut fluid which comprised: 
40. 0.8 wt* 5^. albumin from eggs ; 
•4l 0.5 wt. Had . \ 

' ' - 8 
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2 98.3 wt. ^ distillea water 

3 with raild agitation to simulate conaitlons in the small. 

4 intestine. The appearance of sodium salicylate and sucrose 
•.5 In the bulk synthetic gut fluid were maiitored with time 

6 by analysis* Ojie results are shown in Table 1 below 

7 Table 1 

8 controlled Release of Medicinals {Sodium Salicaaate) 

9 by Diffusion in Liquid Membrane ^ ■ 

10 ooncn- in ^ of Max. BpUibxlum ' 

11 External Phase J, concn, in : 

X2 % (1) Cuter Phase - • ■ 

13 Time ^"SocSuM" " ""Sod'ium 

14 Hr s > Sapjjcyjgte Su^ojse Salicylate sucrose , , . ' • 

— 0.003 0.0 0.5 

17 80 0.83 OiOlO 64,0 1.0 

18 EXpt;. #2 . 

19 — — ^ 0.0 0.008 0.0 1.0 . 

20 80 0*59 0.013 45*0 1.6 

ai As can be seen from the above table, the sucrose was at 

22 least 9S percent contained over the 80 hour period in both 

23 the experiments wjiich indicates that the emulsions re- 
2k mained substantially intact o The controlled release of 

25 sodium salicylate was demonstrated by releasing 64 and 45 

26 percent respectively of the /maximum possible anapuiits ov^r- . 

27 the 80 hour period* ; " ' ' 

28- - -The sel^.c±ion of the internal pha^e of the , 

39 - emulsions of the instant Invention is 'depBlfi^dent on their 

30 intended use. For example^, toxins present in the GX tract 

31 may be removed by trapping them In tfe4ai internal phase of the 

32 emulsion, i,e> conversion of a toxin which can pemeate 

33 the external phase of the emulsion^ to an impermeable form. 

34 Toxins may also be converted,, in the internal- phase, to an' ; 

35 innocuous form,, or altejmatively to a- form which may be . . 

36 subsequently trapped . An example of this technique- is., the 

37 conversion of urea, by use of urease, into carbon dioxide. 
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J. >ihich may be exhale fJ, and atnmonia, which may be trapped by 

2 an encapsulated strong acid, 

3 The various toxins which may be removed, from the 

4 Gi tract by trapping in the internal phase of the composi- 

5 tions of the instant invention include 

6 Table 2 

7 — Toxin Removal with Reagents - 



Toxin 


Reagents 


Ammbnia 


■Acid - preferably hydro- 
chloric j sulfuric 
or citric 


phenol 


Base - preferably sodium; 
hydroxide 


PhoSTjhste 


calcium Salts - preferably 
a combination of 
calcium chloride 
and calcium 
hydroxide 


Lactic Acid 

r 


Base - preferalJiy sodium 
hydroxide 


Iron 


Base - preferably sodium 
hydroxide 


copper 


sulfide - preferably- 
sodium sulfidie 


Silver 


sulfide - preferably 
sodium sulfide 


M^r^ury . 


Sulfide - preferably 
■ . , sodium sulfide 



9 

10 
11 

IS 

ii 

19- 

20 
21 

ae 

23 

24 
25 

26 
27 

28 

29 . . . 

30 Examples of using the Inatant invention to con- 

31 ver-t materials present in the gi- tract into useful prod- 

32 uots Include: 

33 ., (i) The use of liquid membrane encapsulatea 

34 amylase (an enzym.'. tpr the hydrolysis of starches for. the 

35 digestion of starches), 

36 (2) fhe use of liquid memhrane 'ehcapsu^^^ : 

37 lipase (an enzyme for the - hydrolysis of triglycerides ' • 
38^ for the digeistlon;of itriglyc'erides), • 
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jL (3) The, use or liquid membrane encapsulated 

2 lactase to help young children hydrolyzse lactose, v 

3 (4) The use of liquid membrane encapsulated 

k mixed pancreatic enzymes to. promote^^thf digestion and uti- 

5 lization of proteins in chlldrett with cystic fibrosis. 

6 . other examples of uslnig the compositions of the 

7 instant invention as reactors, wherein ma terialrs^^ which are^ 

8 not capable of being trapped by reactloi;! or adsorption in 

9 the internal phase of emulsions of the instant invention 

10 are converted into products which- can be so trapped or ad-. 

11 sorbed, include converting glucose to gluconic acid, and, 

12 lactose to lactic .acid* - ^ 

^3 The coirq[>ositions of the instant invention may be 

1ft utilised as slow release mediclnAls to release, for example, 

15 Sodium Salicylate, as described above, Trimethaphan Camphor- 

16 sulfonate, Trimethadipne, Metronidazole or Penicillin 0* 

17 particularly the water soluble potassium salt. 

18 In the preparation of products of this sort y the 

19 emulsion is designed so that the medicinal is only slightly 

20 soluble in the external phase so as to provide pe'rittea^ 

21 of ■ the medicinai throug^^ external phase into the gI 

22 tract over a period of time. In general, emulsions of 

23 this sort are designed so that the medieinaj. is soluble in 

24 the external, phase /from about 0*0001 wti jS'to about 10. wt. 

25 ?S at 37*C. 

26 In carrying out the process of the instant in--. 

27 v^nti on, the internal phase is seledted according to the 

28 above criteria to enable the skilled artisan to carry* 

29 out the desired operations i For example,, when it is. deslrfed 

30 to provide a . compositioA for removal of ammionia In the 

31 QI tract, an internal.. phase., comprising .a 10 normal aqueous 

32 ; .;■ hydrocl^lorlc ^acld} s'oiuti on.;y is. .emul silled dn a - hydrocairbon' -■ 
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X solution containing a nonionic surfactant along with a 

2 thickener for the hydrocarbon phase. HtxlB thickener, as 

3 will, be further described below, is utilized to provide 

4 emulsions which do not break during passage to the Gl 

5 tract since it would be quite evident to the skilled 

6 artisan that the advantages of the instant ' invention will 

7 not be obtained with emulsions that are nonstable during 

8 passage through the Gl tract- The aqueous and hydrocarbon 

9 mixture is emulsified under vigorous- agit^^tlon to form a 

10 stable emulsion, in this procedure, the aqueous phase is 

11 added slowly to the hydrocarbon, surfactant srnd thickener 

12 solution over a period of time to form an- oil continuous - 

13 emulsion, This emulsion may be passed directly by inges-^ 

14 tion through the GJ tract;. however, in the preferred em- . 

15 bodimejat, this emulsion will be mixed under conditions of 

16 low, agitation With water to provide a three-^phase system. 

17 This three-phase system may. be then ingested and subse- 

18 quently passed through the Gl tract* This partictilar 

IS emiilsion will .pass- through the stomach into, the Intestines 

50 wherein ammonia present therein will permeate through the 

51 external phase of the emulsion, i^e^, the .hydrocarbon con* 

22 tinuous phase. Into the aqueous hydrochloric acid phase; 

23 wherein the ammonia will be converted to ammonium chloride 

24 which is impermea'ble and thus' trapped inihe internal phase 

25 The emulsion, being stable during passage to the 01 tract, 

26 then will be passed out of the human body carrying the am- 
27' monia trapped in the? internal phase along With It* 

28 ■■ The following are other specific embodiments of, 

S9. the instant invention, however, . .th§re is no intention to 

30. be bound by these embodln^nts since variations which, would 

31 be obvious to the skilled artisan may be ..made * 
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1 EXAMPLE 2 Amroonia .Removal 

2 Liquid membrane encapsulation , that is ^utilizing 

3 the exterior phase of an emulsion as a membrane allows one 

4 to use effective ionic reagents such as hydrochloric acid, 

5 which cannot be used with other encapsulation methods • A 

6 hydrocarbon base liquid membrane is used. The ionic bar- 

7 rier character of this membrane prevents the hydrogen and ■ 

8 chlorine ions of this totally ionized strong acid from 

9 penetrating the membrane to the bulk fluid (which would be 

10 the gut fluid in this application). The species to be, re - 

11 moved, ammoniaj always exists in equilibrium with the am- . 

12 monium ion (1^3 ..+ 45zz:iim4'^KWhte^ 

13 depends on the- pH* Ammonia^ the molecular specie;^ HHg^ 

14 which exists at gut pK^s, can readily penetrate the lic[uid 

15 membrane to contact the hydrochloric acid reagent. At the 

16 vea^y low pH of the encapsulated, hydrochloric «cid, the 

17 molecular amiaonia which has moved through the liquid mem- 

18 brahe is converted to ammonium This ionic species 

19 is prevented from transferring back out by the ion barrier 

50 properties of this liquid membrane.. 

51 The liquid membrane encapsulated hydrochloric 
22" acid is shown to be effe^ctive experimentally^ " .For any re- 

53 agent system to be effective" in- the gutj ^H?, must remove' 

54 ammonia from the very low concentrations which a rev found 
2*5 .in the gut/ Tests, with liquid membrane encapsulated hy- 
S6 drochlorio acid reduced the ammonia concentration of a 

27 solution down to less tKan 3 mg jf, i*e. 3 mg per 100 cc*s, 

28 In addition to removing aimonia to low levels, 

29 small reagent volumes are .highly desirable*. • This- could be 

30 . accomplished' by using liquid , membrane encapsulated con- .. 

31 .; centra ted, 10 normal/ ^h^ this experi- ; ' 

32 ment, the liquid membrane oil phase Was made from: 
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2 ©n of Sorbitan monooleate 

0.5 gm of a high molecular weight 
polyamlne with the structure 

^ HO 
- C ' " 

^ ^N-(CH2-0H9-H)irC-CH3 



11 4>5 gm of a polyisobutylene with an aver- 

IS age molecular weight of about 900... 

13 93.0 gm of an lsoparamnic lubrlcat- 

14 Ing oil stock with , a viscosity at ^ 

15 100**P of about 600 sayboit 
3.6 tmiversal seconds 

17 100 gm of oil phase^ total 

18 TO thQ above 100 gmsi of oil phase, 50 gm of lOH hydro- 

19 chloric acid was added in a progression of drops vriLth 

20 vigorous agitation' to form an emulsion; • Ohe g3:*a^/o'i* this 

21 emulsion was added" to 100 gms of dilute ammonia solution 

22 in a beaker* The combination was stirred with a propeller 

23 at a very slow 50 ^I'pi^i to. give very mild agitation* ' This 

24 agitation Is probably milder than naturally occurs in the 

25 gut.; As too mild, an agitation can produce slow removal, 

26 : it- was -a severe testi -^ The :vbry encouraging rapid removal 
S7 of ammonia obtained is shown below. in Table, 3, . 

28 ■ . Table 3 . 

29 Ammonify Removal . by, Liq^i . ^ Membrane s _ 

30 Ammonia- Concn, 

31 Oontact Ti me in B ulk Phase 

■32" ^ (Hours) . : • ■■- . • ."^(^mg^)- .. . . . ■ 

33 Q; ./■■;26 . 

34", 1/t ► 21 

:35 * . ■ . ■. " "'2-'; , - \ 10 / 

36".V'-1^.: •-. v ^ ' ■ o .v." -'' -."V- 

37 .Note that the ammonia_ ievel was^ reduced; i^rom:2$- mg " % to 10 

38 . '. mg ^ in the first : twd ■ hours, of -thisi ^gentle" ' cpntactihg*- 
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X The level dropped to 6 mg in 24 hours • .The effectiveness 

2 of ammonia removal was also quite encouraging. Based on 

3 the ammonia removal achieved in this experiiaent with 1 gm 

4 of liquid membrane encapsulated reagent, the quantity re- 

5 quired to remove all of the nitrogen from 12 @m/day of urea 

6 was calculated. Only 300 cc of emulsion per day is re- 

7 quired. The use of a liquid membrane suspension, i.e, the 

8 above described emulsion suspended in an aqueous jphase^ 

9 wherein 40 volume percent of the emulsion was concentrated 

10 hydrochloric acid, wouid lower the requirements to 100 

11 cc<s for removal of all the urea nitrogen. 

le The liquid membrane must also function in gut 

13 fluid* To test thiSj, a synthetic gut fluid was prepared • 

14 Uie synthetic gut fluid was made with 0.5 wt, HaCl to. 

15 simulate salt concentration, buffered with 0,4 wt. 

16 NaHCO^ to hold the proper pH and contained O.S.wt ?S'egg 

17 albtmiln to simulate protein content* The satrfe type of 

18 experiments described above were performed* The results ^ 

19 below in Table 4, show quite cleat ly that the liquid mem- 

20 brane encapsulated hydrochloric acid removes ammonia from 

21 synthetic gut fluid. 



23 Am%nia i^r omi^Syi^ ^ Gut Eluid" , " 

24 Ammonia Concn. in • 

25 Oontact Time • Synthetic gut gluld 

26 (Hours); {m^} 

27 0 " .. 38- ; 

28 ■ .1 ■ / , • • . " ■ ■ 19 , ■ • 

29 24 20 

30 . 48 13 

31 ■ . Another quite interesting observation was made ■ 



32 whfen contacting the- above -de scribed emulsion with syn- . 
'33 thetid gut fluid/ TKe stability, was enhanced . This may 
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I be a result of protein adsorption on the suspe.n<3ed, emul- 
S sion droplets. The enhanced stability in gut fluid may 
3 play an important role in' the in vivo emulsion stability 
h discussed below. . 

5 The hydrochloric acid reagent could be replaced 

6 with citric acid, or any other acid capable of neutraliz- 

7 ing ammonia. In the above example. 

8 EaCAMHiE 3 Uireaee Encapsulation 

9 . The approach dlscussesd above concerned the re- 

10 moval of ammonia which had been generated from urea by the 

II enzyme urease . Substantial urease activity in the gut hias 

12 been established by the literatiire. fiowever,' it' has not 

13 been conclusively proved that there is sufficient urease 
Ih activity to convert all the urea that must be removed each 

15 day. It might be necessary to introduce more urease 

16 activity to the gut. Simple injection of unencapsulated, 

17 urease would not be likely to be effective, as the l<w pH of 

18 the 8ton«ch would denature nKich o£ tAte eneytoe. Therefore t! 

19 encapsulation o£ urease was tested In a neutral solution by 
20 • an Ion excluding liquid membrane. The Ion exelus ion 

21 nature of the liquid membrane wpuld prevent the hydrogen 

22 ions present at the low pH of the stomach froa penetrating, 

23 the membrane and damaging; the urease. The raoleoular spe- 

24 oieg^urea, however, could readily transfer through the mem- 
25. brane where it worad,.be hydrolyzed to ammpnla and carbon 

26 diooddei iBne. carbon dioxideji agpin a molecular species, 

27 oould • transfer back out through the membrane. Ifce 9 grams 

28 per day of carbon dioa;ide\prbdUced .frQM 12 gms;;p^ 

29 urea ;c6uid>eadliy :- be 'handled by the imig;^ .- The . amonia 

30 produced" 'by the: ur e a ise encapsulated^ i^^^^ liquid membrane 
31-' ;could ■ transfer bu^^ 

32 curs because . the phase encapsulated in these membranes is. 
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1 near neutral. At near neutral pH's the main species is 

2 un-lonized ammonia which can transfer out of iihe.ion ber-.\ 

3 rier liquid membrane, The ammonia leaving the encapsulated 

4 urease may then be removed from the gut fluid by the pre- 

5 viously discussea ammonia trapping. 

6 The system descrf. bed above was experimentally 

7 checked for the transfer of !reactant and products into and 

8 out of the urease containing internal phase as well as the 

9 activity and effective isolation of the urease.. A liquid 

10 membrane forming emulsion was made by dissolving O*o46 wt, 

11 i urease in water and adaing it dropwise into an oil phase 

12 under vigorous agitation. The oil phase consisted, of ; 

2 wt. Sorbitan monooleate _ . 

3 wt . High molecular weight ■ . ■ 
polyamlne with the structure 

H H 0 

95 wt. fe Isoparaffihic lubricating oil 
stoclt with a viscosity at XOOT: of •. 
25 • ■ . about 100 Sajybolt Universal second^- •• 

26-, In the fihai emiasion, the '..weight, ratio of the urease 

27 solution to oil phase was 0.88. two ml of the stbove emul- 

28 slon we? aaaea to, 39 mi of 9 solution containing oVJ|-3 

29 Molar urea, 0.1' Molar NaOl, O.OOO8 Molar phosphate buffer 

30 and containing O.U{ of Olelands reagent. Moaerate stirr 

31 ring was used to aisperbe the emuasibn in liqiiia membrane" 

32 form. Jhe pE of this bulk urea containing, solution was 

33 held at 6.7 +,0.05; by an automatic titrator which neu-. 

34 iralized the ,^excess producit ammonia ;^«i•t}h. 16 ft^ . 

• 35 .(At- the 6.7 pH onerhalf 'of- the 'aramohi^^ ejc- 
36 cess over the quanilty forming. bicarbonate with .the carbon 



13 



OH3 



14 
15 

16 

iIbkl 
.19 

20 
21 
22 



CH3 
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1 dioxide. } In these experiftients, ttie quantity of HCl re- 

2 quired to balance the excess product anmonia was recorded 

3 with time. The liquid membrances were removed during 

4 the experiments and reintroduced at a later time* 

5 Increasing the HCl was required initially, 

6 Indicating that the enzyme catalysed reaction as well as the 

7 transfer of urea into and carbon dioxide and ammonia out 

8 of the urease containing internal phase was occurring* 

9 When the emulsions were removed, the reaction stopped. This 
10 shows that the enzyme did not penetrate the liquid menibrane 
n to the bulk phase and that the initial measured reaction . 
IZ rate was that produced by liquid membrane encapsulated 

13 urease* Reintroduction of the emulsion started the re« 

14 action again- The formation of ammonia in these experiments 

15 was also confirmed by Independent specific analysis of 

16 ammonia built up with time» . 

17 The rates of reaction were about 1/50 of those 

18 measured under sioailar conditions with freshly dissolved 

19 urease in the unprotected bulk phase. This is a reasonable 

20 rate and felie reduction from bulk ph^se includes the effects 

21 of sevferal factors. !Ehe denaturation of the enasynie during 
2Z encapsulation, and any limitatloriS in transferring material 

23 through the liquid membrane or inside the encapsulated 

24 phase would all decrease the measured urease activity* 

25 EXAMPIJS 4- Phosphate Removal 

26 Since the phosphate ion is difficult to remove 

27 by hemodialysis an adjunct method of removal would be 

28 particularly useful. The reagent system selected fo* en- 

29 capsulation is suggested by nature^ Excess . phosphate, in 

30 the body can ptecipitate with calcium in non-jphysiolbgic . 
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1 modes* Ttp system selected encapsulates calcium aalt© in 

2 an anion transferring liquid membrane. Olhe cation calcium 

3 is retained in the liquid membrane. The anion phosphate 

4 transfers through the llguld membrane to react with the 

5 calciT;an forming the calcium phosphate precipitate which Is 

6 trapped in the internal emulsion phase. 

7 This system was experimentally tested fusing a 15 

8 weight percent CaCl2^i>d a 5 weight percent C^(OH)2 3:*e^g^nt 

9 encapsulated in an a^on transporting liquid membrane; 

10 ihe oil phaae of this emulsion consisted of 

11 95 wt. ^ isoparaf fin lubricating oil . . 

12 stock With a viscosity at lOO^F of s 

13 about 100 Saybolt Universal Seconds \ 

■l4 2 wt. Mixture, of primary and , 

15 secondary amines with a molecular 

16 weight range of 353 to 393 which 

17 has an ion. exchange capacity, of 

18 about 2.7 meg/gm*j, e.g. Amberlite : 

19 LA 2 availably from Rohm and Haas 

20 2 wt. ^ Folyamine with a molecular ' . • 

21 weight of about 2000 with the , 

22 structure; 

23 CHo /cHqV H >0 

24 ' ^ h ^\ ' ^ H 0 




25H-C^ . I ^ 

27 r : 0 - c 

2 

29, H' H . ^0 



(C!l2-CH2:-K)4-(?"CH3 



30. . jL. wt, ^ jSQrbitan monooleate 

31 . The aqueoua phase was ^dded to the oil ttf'Uform 33 w:b, jij of 

32 the total aqueous plus. oil phase, with vigorous agitation. 
.33". ;Thia emuIsion,:(28l gms) . was - then dlspers^ 

' 34 solution (500, gm)* : phosphate removal Is shown 

35 In arable' 5 below.- " 
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A Table 5 

2 Ra pid phosphate Rsmoval . 



9 



Time 


,tf . Phosphate 


(mitt) . 




0 


0.2T3 




0.193 




0.073 


li 


0.016 


4U 


0.004 



10 Assuming the removal of all the phosphate , Ion . 

11 (1/2 gms/day as phosphorous) was desired^ the quantity of 

12 liquid membrane suspension, i.e. the emulsion suspended in 

13 an aqueous phase, required can be calculated, BJSiSea on . 
ik the above reagent concer^tration.andl the reagent occupying 

15 40 volume percent of a liquid membrane suspension, 57 cc 

16 would be required per day. 

17 Example 5 - In Vivo Stability of Emulsions 

18 Emulsions that are used to treat chronic utemla 

19 by ingestion must be stable throughout the gastrointestinal 

20 tract. As a critical test of stability^ high doses of a 

21 poisoii were encapsulated in an emulsion to see if the'' 

. 22 stability of the liquid membrane barrier was sufficient to 

..^3 prevent; killing^ testi animals • The poison selected was : 

2t dodium cyanide at 10 times the lethal dlose (10 x 50) - 

25 The liquid membrane formulation was the same ion excluding. 

96 formulation which was used in removing ammonia from solu- 

97 tion and "synthetic gut fluid* Wistar-strain, albino rats 

28 were used for this study. In addition to the rats us^d to 

29 determine the LD gO of this population, three groups of 10 

30 rats were used • Ojae group received distilled, water.en- 

31 capsulated in the liquid membrane. A second group re- > 

32 ceived lO times: the lethal dose: of sodium cyarjtide encapstt- 

• 33 la ted in the "liquid membrane/. The. encapsulated a' que ous, ■ 
34 .. phase was 0.5 wt. ^ sodium.cyahide;, This sodium c^^ 
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1 solution was eimlslfled at a 33 wt* 7> level in the same 

2 oil phase composition as usual in the ammonia removal 

3 examples « This emulsion was then suspended in an equal 

4 volume of water prior to administration. In the. third 

5 group, the hydrocarbon solution and the sodium cjRanlde 

6 solution were Introduced as separate liquids so there, 

7 were no liquid membranes » All the materials were admin* 

8 istered by oral intubation. The results are summarized 

9 below in Table 6. 
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1 Adaitlonally, the r^ts administered 10. times the 

2 lethal dosage of MaCN In the emulsion mre, observed to 

3 have no signs of toxicity or pharmocologlc effects throtgh'' 

4 out the test. It was concluded that the emulsions of the 

5 instant invention have good stability in vivo. 
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